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Summary  Ubiquitous  free-living  amoebae  of  the  genus  Acanthamoeba  can  be
pathogenic  and  can  serve  as  carriers  of  other  pathogenic  organisms.  These  amoe-
bae  are  potentially  dangerous  when  they  contaminate  health  facilities,  and  these
organisms  may  act  as  a  source  of  infection  for  medical  personnel  and  those  seeking
medical  care.  The  purpose  of  the  present  study  was  to  evaluate  the  extent  to  which
Acanthamoeba  species  contaminate  hemodialysis  and  dental  units  in  Alexandria,
Egypt.  Seventy  samples  were  collected  aseptically  from  these  systems  and  cultivated
on  non-nutrient  agar  at  room  temperature,  followed  by  morphological  conﬁrmation
of  the  identity  of  Acanthamoeba  using  trichrome-stained  smears.  This  study  revealed
that  42.9%  of  water  samples  from  the  hydraulic  systems  of  both  hemodialysis  and
dental  units  were  positive  for  Acanthamoeba,  with  no  statistically  signiﬁcant  dif-
ference  between  the  two  unit  types  or  between  pre-  and  post-disinfection  samples
for  each  type  of  unit.  The  surgical  category  of  dental  clinics  had  the  highest  con-
tamination  rate  (72.7%),  whereas  no  contamination  was  observed  for  water  samples
from  pediatric  dentistry  clinics.  In  conclusion,  the  hydraulic  systems  of  hemodial-
ysis  and  dental  units  in  Alexandria  are  contaminated  with  Acanthamoeba  species,
and  to  minimize  the  risk  of  human  infections,  there  is  an  urgent  need  to  implement
effective  preventative  measures,  such  as  the  installation  of  water  ﬁltration  units.
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ntroduction
ree-living  amoebae  (FLA)  of  the  genus  Acan-
hamoeba are  ubiquitous  and  inhabit  a  variety
f water,  air,  and  soil  environments  [1,2].  These
moebae  have  been  isolated  from  many  ecological
abitats, including  the  air,  natural  thermal  waters,
nd eyewash  stations  [3—6].  They  have  been  iso-
ated from  fresh,  brackish,  and  salt  water;  soil
amples  ranging  from  the  Antarctic  to  arid  desert-
ike areas;  sewage  dump  sites;  and  household
arden and  ﬂowerpot  soil,  water  taps,  humidi-
ers, and  aquaria  [7].  Acanthamoeba  spp.  have
lso been  recovered  from  shower  heads,  ventila-
ors,  hydrotherapy  baths  and  heating,  ventilation,
nd air  conditioning  units  in  the  hospital  environ-
ent  and  dental  irrigation  systems  [8].  Dendana
t al.  [8]  reported  that  water  at  the  entrance  of
emodialysis  apparatus  contained  FLA,  with  many
LA of  the  genus  Acanthamoeba.  These  authors
ttributed this  contamination  to  the  long  stagna-
ion of  water,  which  could  lead  to  the  development
f bioﬁlms,  providing  favorable  conditions  for  the
rowth and  proliferation  of  many  microbes  and  FLA
8]. In  addition,  these  amoebae  have  been  found
n dental  water  lines  [9,10].  In  addition  to  dis-
ase caused  by  direct  exposure  to  Acanthamoeba
pp., these  amoebae  can  act  as  vehicles  for  many
athogenic  microorganisms  with  high  virulence  and
esistance  to  antibiotics  [11].  The  report  by  Huws
t al.  [11]  on  the  enhancement  of  methicillin-
esistant Staphylococcus  aureus  (MRSA)  survival,
eplication  and  virulence  in  association  with  Acan-
hamoeba  polyphaga  provides  evidence  for  this  role
f amoebae.  Cirillo  et  al.  [12]  reported  enhanced
nvasion of  Legionella  pneumophila  grown  in  Acan-
hamoeba  relative  to  those  grown  under  standard
aboratory conditions.  A  high  level  resistance  of  L.
neumophila  released  from  A.  polyphaga  to  disin-
ectants  and  antimicrobials  has  also  been  reported
13,14].
Many  clinical  studies  have  been  carried  out
o assess  the  pathologic  outcomes  of  amoebal
nfections in  humans.  The  ﬁrst  human  infection
y Acanthamoeba,  previously  reported  as  Hart-
annella, was  described  after  the  discovery  of
moebae  and  cysts  in  brain  sections  from  a patient
ith brain  abscesses  in  the  early  1970s  [15].  In
ddition to  causing  chronic  granulomatous  amoebic
ncephalitis,  keratitis,  and  lung  and  skin  infec-
ions,  Acanthamoeba  spp.  also  serve  as  hosts  for
acterial  pathogens,  such  as  Legionella  spp.,  and
or this  reason,  Acanthamoeba  spp.  have  recently
eceived  a  lot  of  attention  [16].  Many  pathogenic
icroorganisms that  replicate  inside  free-living
moebae, such  as  MRSA,  are  more  virulent  and  more
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esistant,  complicating  the  situation  when  FLA
nd other  pathogens  co-exist  in  health  care  sett-
ngs [11].  Fukumoto  et  al.  [17]  demonstrated  the
o-existence  of  Parachlamydia  acanthamoebae,  a
otential pathogen  causing  hospital-acquired  pneu-
onia, with  Acanthamoeba  in  an  actual  hospital
nvironment.  These  authors  suggested  that  the
igniﬁcant  impact  of  Acanthamoeba  on  the  long-
erm survival  of  this  pathogen  could  facilitate
he pathogen’s  spread  through  a hospital  environ-
ent  [17].  The  situation  could  be  dangerous  in
ealth care  settings  visited  by  immunocompromised
atients,  including  those  on  hemodialysis.  Patients
n hospitals  may  be  exposed  to  Acanthamoeba-
ssociated  nosocomial  infections,  as  documented  in
revious reports  [18—21].
In Egypt,  only  a  few  studies  on  Acanthamoeba
ave been  published.  The  presence  of  Acan-
hamoeba spp.  in  freshwater  sources  associated
ith human  activities  in  the  Nile  Delta  region  was
evealed  using  morphologic  and  molecular  param-
ters [22].  In  Alexandria,  Acanthamoeba  spp.  were
solated from  canals  and  drains  [23].  In  addition,
. gruberi  and  A.  rhysodes  were  isolated  from  the
asal passages  of  six  healthy  children  living  near
he contaminated  canals  [23].  However,  no  previ-
usly published  appraisal  of  the  hydraulic  systems
f hemodialysis  and  dental  units  for  the  presence  of
canthamoeba  spp.  exist.  Therefore,  the  present
tudy assessed  the  hydraulic  systems  of  hemodial-
sis and  dental  units  in  Alexandria  to  determine
hether these  systems  were  contaminated  with
canthamoeba  spp.  The  efﬁcacy  of  the  disinfection
rocesses to  eliminate  acanthamoebal  contamina-
ion  was  also  assessed.
aterials and methods
he  present  study  is a descriptive,  cross-sectional
tudy conducted  in  selected  hemodialysis  and  den-
al units  in  the  Alexandria  governorate,  Egypt,  from
une to  August  2011.  This  study  was  carried  out  in
overnmental  hemodialysis  and  dental  centers  in
lexandria.
Seventy water  samples  were  collected  from
emodialysis and  dental  units.  All  15  hemodialyz-
rs in  the  hemodialysis  center  and  20  machines  in
he dental  center  were  included  in  the  study.  Both
irus-contaminated  and  non-virus-contaminated
emodialyzers  were  included  in  the  sample  because
atients  infected  with  hepatitis  B  and/or  hepatitis undergo  hemodialysis  on  separate  hemodialyzers
rom those  used  by  uninfected  patients.  2 sam-
les, pre-  and  post-disinfection,  were  collected
rom each  machine.  The  pre-disinfection  samples
A.  Hassan  et  al.
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were  collected  one  day  before  disinfection,  and  the
post-disinfection  samples  were  taken  one  night  col-
lected after  disinfection.  Water  samples  (500  ml)
were collected  from  the  inlets  and  outlets  of  the
hemodialyzers  and  from  the  hand-pieces  of  dental
machines  before  and  after  disinfection  using  sterile
500-ml containers.  The  samples  were  labeled  with
the site  and  time  of  sampling  and  the  number  of  the
machine. The  water  samples  were  ﬁltered  through
sterile  0.45  m  membrane  ﬁlters  (Sartorius  Stedim
Biotech,  Germany)  within  2  h  of  collection.
Acanthamoeba  spp.  were  monoxenically  iso-
lated by  inverting  the  membrane  ﬁlters  on  1.5%
non-nutrient  agar  (NNA)  seeded  with  inactivated
Escherichia coli  in  glass  Petri  dishes  [24].  The
culture  plates  were  then  incubated  at  room  tem-
perature  and  monitored  for  the  presence  of
trophozoites and/or  cysts  daily  for  up  to  two  weeks
in the  Laboratory  of  Tropical  Health  Department  of
the High  Institute  of  Public  Health  (HIPH),  Alexan-
dria  University.  The  presence  of  Acanthamoeba
spp. was  investigated  by  examining  the  NNA  cul-
ture plates  by  inverted  phase-contrast  microscope
(CK; Olympus,  Tokyo,  Japan)  using  10×  and  40×
objectives.  Conﬁrmation  of  Acanthamoeba,  based
on size  and  the  presence  of  acanthopodia  and
a large  central  karyosome,  was  performed  using
trichrome-stained  smears.  Smears  were  examined
microscopically  for  Acanthamoeba  trophozoites
and/or cysts  at  1000× magniﬁcation  under  a light
microscope  [8].
The  data  were  entered,  veriﬁed  and  analyzed
using version  15.0  of  SPSS  for  Windows® (SPSS  Inc.,
Chicago,  IL,  USA).  2 and  Fisher’s  exact  tests  were
used to  assess  the  differences  in  the  proportions.
Results
Thirty  (42.9%)  out  of  the  70  samples  collected
from hemodialysis  and  dental  hydraulic  systems,
both pre-  and  post-disinfection,  were  positive,  as
determined  by  inverted  microscopy  analysis  of  NNA
culture plates  followed  by  microscopic  examina-
tion of  stained  smears  (Fig.  1).  No  statistically
signiﬁcant difference  (P  =  0.791)  regarding  acan-
thamoebal  contamination  of  water  samples  was
found between  hemodialysis  and  dental  units,
with contamination  rates  of  42.9%  (12/30)  and
45.0% (18/40),  respectively  (Table  1).  No  statisti-
cally signiﬁcant  differences  were  found  between
the pre-  and  post-disinfection  contamination  rates
in the  water  samples  from  both  hemodialysis
units [42.9%  (6/14)  vs.  37.5%  (6/16),  respec-
tively, P  >  0.05]  and  dental  units  [47.6%  (10/21)
vs. 42.1%  (8/19),  respectively,  P >  0.05]  (Table  2).
d
e
a
gig.  1  Acanthamoeba  spp.  trophozoites  on  a trichrome-
tained  smear  (1000×).
canthamoebal  contamination  of  hemodialyzers
as related  to  the  viral  contamination  status.
he virus-contaminated  hemodialyzers  had  a  higher
ontamination  rate  of  61.5%  (8/13)  compared  with
nly 23.5%  (4/17)  for  the  non-virus-contaminated
emodialyzers,  as  revealed  by  NNA  cultivation  and
nverted microscopy;  this  difference  was  not  statis-
ically signiﬁcant  (P  > 0.05)  (Table  3).
The contamination  of  the  dental  hydraulic
ystems was  analyzed  based  on  the  different  den-
istry categories,  i.e.,  preventive  and  conservative,
urgical, cosmetic  and  pediatric.  A  statistically  sig-
iﬁcant difference  (2-test;  P  <  0.05)  was  observed
mong different  dental  clinic  categories  regarding
he level  of  acanthamoebal  contamination.  The  sur-
ical category  had  the  highest  contamination  rate
t 72.7%  (8/11),  followed  by  contamination  rates
f 57.1%  (4/7)  for  the  cosmetic  category  and  33.3%
6/18)  for  the  preventive  and  conservative  cat-
gory. No  contamination  was  observed  for  water
amples  (0/4)  from  pediatric  dentistry  clinics  using
NA culture  plates  with  an  inverted  microscope
ollowed by  microscopical  examination  of  stained
mears  (Table  4).
iscussion
ecause  Acanthamoeba  spp.  are  ubiquitously
istributed  and  adapted  to  many  types  of  envi-
onments  and  conditions,  the  contamination  of
emodialysis  and  dental  units  with  Acanthamoeba
pp. could  be  a global  issue.  To  our  knowledge,
he present  study  is  the  ﬁrst  study  to  investigate
canthamoeba  contamination  of  hemodialysis  and
ental units  in  Alexandria.  The  present  study  uncov-
red the  potential  contamination  of  hemodialysis
nd dental  units  with  Acanthamoeba,  which  has
ained increasing  interest  as  a contaminant  of
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Table  1  Contamination  of  the  hydraulic  systems  of  haemodialysis  and  dental  units  with  Acanthamoeba  spp.
Type  of  unit  Non—nutrient  agar  followed  by  stained  smear  examination
No.  examined No.  (%)  contaminated  P-valuea
Hemodialysis 30 12  (42.9)
0.791Dental 40 18 (45.0)
Total  70  30  (42.9)
a P-value for 2-test.
Table  2  Contamination  of  pre-  and  post-disinfection  water  samples  with  Acanthamoeba  spp.  according  to  the
type  of  unit.
Type  of  unit Non—nutrient  agar  followed  by  stained  smear  examination
No.  examined  No.  (%)  contaminated  P-valuea
Hemodialysis
Pre-disinfection  14  6  (42.9)
0.940Post-disinfection  16  6  (37.5)
Total  30  12  (40.0)
Dental
Pre-disinfection  21  10  (47.6)
0.975Post-disinfection  19  8  (42.1)
Total 40 18 (45.0)
a P-values for 2-test.
Table  3  Contamination  of  water  with  Acanthamoeba  spp.  according  to  the  viral  contamination  of  hemodialyzers.
Status  of  haemodialyzers Non-nutrient  agar  followed  by  stained  smear  examination
No.  examined No.  (%)  contaminated  P-valuea
Virus-contaminated 13  8  (61.5)
0.061Non-virus-contaminated  17  4  (23.5)
h
u
4
BTotal  30  
a P-value for Fischer’s exact test.ospital  environments.  Dental  and  hemodialysis
nits showed  comparable  contamination  rates  of
5.0% (18/40)  and  42.9%  (12/30),  respectively.
agheri et  al.  [25]  reported  the  presence  of
A
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Table  4  Contamination  of  dental  hydraulic  systems’  water
categories.
Dentistry  clinic  category  Non-nutrient  agar  follo
No.  examined  
Preventive  and  conservative  18  
Surgical  11  
Cosmetic 7  
Pediatric  4  
Total 40  
a P-value for 2-test.12  (40.0)canthamoeba  in  approximately  48.0%  (45/94)  of
old and  warm  tap  water  samples  collected  from
ifferent  wards  of  hospitals  in  13  cities  in  Iran.
ore recently,  FLA  were  detected  in  52.9%  (37/70)
 with  Acanthamoeba  spp.  according  to  dentistry  clinic
wed  by  stained  smear  examination
No.  (%)  contaminated  P-valuea
6  (33.3)
0.044
8  (72.7)
4  (57.1)
0  (00.0)
18  (45.0)
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of  dust  and  bioﬁlm  samples  from  hospital  wards
serving  immunocompromised  patients  in  Tehran,
Iran [26].  Patients  in  hemodialysis  units  are  also
immunocompromised  and  therefore,  more  atten-
tion should  be  paid  to  the  possible  contamination
of hemodialysis  units  with  Acanthamoeba  spp.  In
Africa, the  majority  of  authors  have  been  inter-
ested  in  detecting  and  identifying  Acanthamoeba
species in  clinical  samples  rather  than  environ-
mental samples  [8].  Hamadto  et  al.  [27]  reported
nonpathogenic  Acanthamoeba  spp.  in  25%  (4/16)
of swimming  pool  samples,  40%  (4/10)  of  sur-
face water  and  canal  samples  and  in  all  (2/2)  tap
water  samples  taken  from  different  Egyptian  gov-
ernorates.
The detection  of  Acanthamoeba  in  dialysis  units
is not  a  new  issue,  as  the  presence  of  FLA  was
reported in  a  home  dialysis  unit  in  the  late  1970s
[28]. In  Tunisia,  Dendana  et  al.  [8]  reported  Acan-
thamoeba  spp.  in  32.6%  (15/46)  of  water  samples
collected  from  the  hydraulic  system  of  a  hemodial-
ysis unit.  In  the  present  study,  no  signiﬁcant
difference in  the  contamination  rate  was  observed
after  disinfection  of  the  hydraulic  systems  of  both
types of  units.  This  lack  of  a  difference  may  be
due to  the  low  concentrations  of  chlorine  that  are
usually used  for  the  disinfection  of  hemodialyzer
inlets and  outlets  and  the  disinfection  of  hand-
piece tubing.  These  low  concentrations  are  used
to prevent  corrosion  of  the  machines,  according
to the  instructions  from  the  machines’  distribu-
tors (personal  communication).  In  addition,  cysts
of these  amoebae  are  resistant  to  changes  in
temperature  and  pH  and  exposure  to  chlorine,
detergents and  common  disinfectants  [29].  The
contamination  of  hemodialysis  hydraulic  systems
could  be  partly  attributed  to  bioﬁlm  formation  as
a result  of  water  stagnation  in  the  long  bend-
ing drain  connecting  the  water  treatment  unit  to
the hemodialysis  unit  [8].  As  a  common  practice,
in Egypt,  hemodialysis  patients  are  allocated  to
different machines  according  to  their  initial  screen-
ing results  for  hepatitis  B  and/or  C  viruses.  A
higher  percentage  of  virus-contaminated  hemodia-
lyzers  were  contaminated  with  Acanthamoeba  spp.
than non-virus-contaminated  hemodialyzers.  How-
ever, the  statistical  analysis  demonstrated  that  this
difference was  not  statistically  signiﬁcant.  The  rea-
son for  the  greater  frequency  of  acanthamoebal
contamination  of  the  virus-contaminated  machine
could not  be  determined  in  the  present  study.
However, there  are  two  water  treatment  units
in the  hemodialysis  center:  one  for  the  virus-
contaminated machines  and  the  other  for  the
non-virus-contaminated  ones.  In  addition,  little
attention  is  given  to  virus-contaminated  machines
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uring  disinfection  and  between  sessions  as  a
esult of  the  overuse  of  the  machines  reserved  for
CV-infected  patients.  This  lack  of  appropriate  dis-
nfection might  contribute,  in  part,  to  the  higher
evel of  contamination  of  these  machines  (personal
ommunication).  Acanthamoeba  spp.  may  pose  a
irect risk  to  patients.  Tilak  et  al.  [30]  ﬁrst  reported
n unusual  case  of  Acanthamoeba  peritonitis  in
 malnourished  patient  on  continuous  ambulatory
eritoneal dialysis  for  whom  cultures  for  bacteria
nd fungi  were  negative.
Acanthamoeba  spp.  have  also  been  reported  in
ental unit  water  lines  [9,10].  Importantly,  the
ndosymbiotic  pathogenic  bacteria  within  amoe-
ae could  be  a  source  of  microbiological  risk  for
atients  with  deep  dental  work  or  immunosuppres-
ion [10].  Legionella  spp.,  Pseudomonas  spp.  and
ther amoeba-associated  pathogens  are  colonizers
f hospital  water  supplies  and  have  been  found  to
e causative  agents  of  hospital-acquired  pneumo-
ia [31].  It  was  found  that  the  concentration  of
LA is  up  to  300  times  higher  in  dental  unit  water
amples  than  tap  water  despite  having  the  same
ource [9].  Water  used  as  a coolant  and  irrigant
uring dental  procedures  could  be  heavily  contam-
nated  with  microorganisms  [32].  In  the  present
tudy, the  hydraulic  systems  of  surgical  dentistry
linics were  found  to  be  the  most  frequently  con-
aminated  (72.7%;  8  out  of  11)  with  Acanthamoeba
pp. This  high  rate  of  contamination  requires  high
ttention to  prevent  infection  with  Acanthamoeba
ndosymbionts.  The  high  prevalence  of  FLA,  includ-
ng Acanthamoeba  spp.,  in  the  hydraulic  systems  of
ental units  could  be  attributed  to  the  formation
f bioﬁlms  inside  some  dental  instruments;  these
ioﬁlms would  augment  the  growth  and  prolifer-
tion of  FLA  [9,33,34]. The  FLA  in  dental  water
ines  provide  a reservoir  for  many  pathogenic  bacte-
ia, including  L.  pneumophila  and  Pseudomonas
eruginosa  [33],  and  thus,  an  ecological  loop  is
stablished  [9].  Dental  water  lines  could  be  a
otential  source  of  infection  for  both  patients
nd dental  personnel.  Higher  antibody  titers  to  L.
neumophila  have  been  reported  in  the  sera  of
ental personnel  than  the  sera  of  other  groups
35—37]. Therefore,  immunocompromised  patients
isiting  dental  units  would  be  expected  to  be  at
isk of  acquiring  an  infection.  Microbial  aerosols
enerated  during  dental  treatments  may  repre-
ent  an  important  source  of  infection  [38],  and
ucosal  contact  or  inhalation  of  amoebae  or  cysts
y dental  workers  and  patients  cannot  be  ruled
ut [9].  Acanthamoeba  spp.  were  isolated  from  the
asopharyngeal  and  oral  regions  of  male  patients
ith dental  caries  at  an  odontological  clinic  [39].
n addition,  eye  infection  with  Acanthamoeba  spp.
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[canthamoeba  contamination  of  hemodialysis  and  
fter  accidental  splatter  has  been  reported  [40].  A
erious ocular  infection,  possibly  linked  to  a  water
plash  from  a  dental  hand-piece,  was  reported  in
 woman  who  visited  her  dentist  for  the  replace-
ent of  a  bridge;  this  infection  resulted  in  a  lawsuit
gainst  the  dentist  [40].
In conclusion,  Acanthamoeba  spp.  were  found  to
e a  major  contaminant  of  water  in  hemodialysis
nd dental  units  in  Alexandria,  Egypt.  Therefore,  it
s recommended  that  ﬁlters  with  suitable  pore  sizes
e added  to  ﬁlter  water  in  the  hydraulic  systems  of
emodialysis  units  and  dental  irrigation  water  lines.
revious studies  have  also  recommended  using  ﬁl-
ers with  a  small  pore  size  (0.2  m)  at  the  entrances
f hemodialysis  machines  [8]  and  the  hand-pieces
f dental  units  [10].  The  results  of  the  present  study
re limited  by  its  preliminary  nature,  as  only  mor-
hological  criteria  were  employed.  Further  studies
o investigate  the  potential  pathogenicity  of  Acan-
hamoeba  spp.  based  on  pathogenicity  tests  and
olecular  methods  are  also  encouraged.  The  eval-
ation of  the  entire  environment,  including  the  air
nd dust,  of  these  units  is  also  of  paramount  impor-
ance to  make  a  comprehensive  appraisal  of  the
ituation.  Water  treatment  plants  for  hemodialy-
is units  and  water  supplies  of  dental  units  should
e investigated.  The  relationship  between  the  con-
amination  of  these  units  and  direct  or  indirect
isease acquisition  among  those  seeking  healthcare
hould  be  the  focus  of  subsequent  epidemiological
tudies.
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